The superhydrophobic property attracts many researchers in the both field of academe and industry. All of the superhydrophobic materials have the rough surface structure based on the Cassie-Baxter equation. The trapping of air into the rough surface structure caused the improvement of the superhydrophobic property. Therefore, the nanostructure control technique is very important. Of course, considering application in industry, the process cost of the superhydrophobic materials is very important. In this work, the superhydrophobic film is fabricated by the hot water treatment, which is one of the chemical bath deposition methods, of the metal aluminum. The hot water process of spattered Al film on the glass substrate results in the fabrication of the high transparent superhydrophilic film constructed by perpendicular nanosheet structure. After fluoroalkylsilanes coating, the resultant film shows the high transparent superhydrophobic property. Moreover, these processes can be applied to the commercial Al foil. So, we can easily obtain superhydrophobic film by using the hot water process.
Introduction
The superhydrophobic property attracts many researchers in the both field of academe and industry.
1)-9) Especially, in these days, the industrial needs of superhydrophobic materials are increased. Today, we face the environmental and resource problems and need energy-saving system. So, the development of the superhydrophobic materials are very important because the superhydrophobic film can be applied to not only anti-wetting for window, but also electrode of fuel cell, 10) anti-snow (or ice)-adherence 11) on power transmission lines and wing of air plane. All of the superhydrophobic materials with a contact angle of over 150°, have the rough surface structure based on the CassieBaxter equation.
12) The trapping of air into the rough surface structure caused the improvement of the superhydrophobic property. Of course, for application in industry, the process cost of the superhydrophobic materials is very important. Although the nanostructure control of the surface is very important for the superhydrophobic property, the nanostructure control of the surface by top down process or bottom up process using vacuum system is high cost process. The bottom up process such as the chemical bath deposition (CBD) 13) is very low cost and low environmental load process. CBD processes can be used to easily obtain many kinds of nanostructure including nanosheet, 14)- 22) nanorod, 8) ,23)-25) and nanopin. 4),26) So, the CBD process is suitable for nanostructural control of the superhydrophobic materials. In the CBD method, there are three kinds of starting precursor solutions. One is a using of the solution including the metal ion due to the dissolving of the metal salts and so on.
14)-17), 19) After the reaction of the metal ion solution, metal compounds are deposited on the substrate. Second process is the using the solution immersed solid materials as the source of metal ions. 20)-22) At first, the solid materials are dissolved into the solution. After that, redeposition caused the deposition of the metal compounds on the substrate. When the solubility is low and the supersaturation ratio is high, the fabrication of the precursor solution is difficult. In that case, the latter process is suitable. 22) Third process is used both solid materials and metal salts solution. 18) Tadanaga et al. reported the transparent superhydrophilic or superhydrophobic film based on flower-like Al2O3, which is obtained by the hot water treatment of the sol-gel derived Al2O3 gel film.
2), 20) In spite of very simple and low cost process, the superhydrophilic or superhydrophobic property are very high. In this work, we used the metal aluminum as the source of the nanosheet films. When the Al spattered glass film was immersed into the hot water, the transparent film constructed by the perpendicular nanosheet was obtained. After hydrolyzed fluoroalkylsilanes (FAS) coating, the film indicate good superhydrophobic property. Moreover, we can obtain superhydrophobic film by using commercial Al foil as well as spattered Al film. Because Al metal is applied to various uses, moreover, easy and direct construction of the superhydrophobic surface on the Al metal surface is very useful technique.
Experimental
The spattering of Al is conducted by the Sibaura CFS-4EP-LL. The thickness of the Al film on the glass substrate is around 70 nm. The spattered Al film or commercial Al foil are immersed into the hot water at 90°C for 90 min. After washing and drying of those films, the films were immersed into the hexane with 1 vol% of heptadecafluorodecyltrimethoxysilane, which is one of the FAS, at 60°C for 5 h. 
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Al foil at 90°C for 90 min, respectively. From both images, we can see the perpendicular nanosheet structure. So, the nanosheet structure, which is fabricated by the hot water treatment of Al2O3 gel film, 2),20) could be obtained by using metal Al film, too. The cross-section image (Fig. 1(c) ) of the nanosheet film obtained from spattered Al film shows the film thickness of around 600 nm. The TEM image of the nanosheet, which is obtained from spattered Al film, is shown in Fig. 2(a) . The very thin nanosheets with thickness of several nm are easily obtained. Figure 2(b) is the electron diffraction pattern of the film after hot water treatment of the spattered Al film. We can not identify the nanosheet from this electron diffraction pattern because this indistinctly rings indicate that the nanosheet is amorphous. When we observed the nanosheet at high resolution condition, we could rarely see the lattice fringe. However, almost of those nanosheets were amorphous. Figure 3 shows the transmittance of the normal glass substrate (a), the glass substrate with the nanosheets by the hot water treatment of the spattered Al film (b), and the glass substrate with the nanosheet coated by FAS (c), respectively. The transmittance of the glass substrate with the nanosheet in Fig. 3(b) shows the higher transmittance than that of the normal glass substrate in Fig. 3(a) . At the wavelength of 500 nm, the nanosheet film indicates the improvement of the transmittance of 3%. Of course, the high transmittance of the nanosheet films is maintained after the FAS coating as shown in Fig. 3(c) . It is considered that these antireflective effects are due to the reflective index gradient by the specific structure. 27) We checked the wettability property of the nanosheet films. Figure 4 shows the superhydrophilic property of the nanosheet films by the hot water treatment of the spattered Al film. The water drop is immediately spread on the surface. It is called as superhydrophobic property and it is based on the Wenzel model. Wenzel equation is indicated as Eq. (1). 28) cosθ' = rcosθ (1) θ, θ' and r are the contact angle of a liquid on the flat surface, superficial contact angle on the rough surface, and roughness factor of the surface, respectively. This model means that the surface roughness enhances both the hydrophilic property of the hydrophilic surface and the hydrophobic property of the hydrophobic surface. The specific structure of nanosheet film caused the superhydrophilicity based on the Wenzel mode. 
This equation means that films with the small f1 and the large θ1
indicate superhydrophobic property. The specific nanostructured film is constructed by the perpendicular nanosheets with the thickness of several nm. So, the value of f1 is very small. The value of θ1 is high due to the coating of FAS. The resultant film shows the good superhydrophobic property.
Finally, Fig. 6 shows the images of the film with the perpendicular nanosheets on the glass substrate (a), the film with the perpendicular nanosheets/glass substrate coated by FAS (b) and the film with the perpendicular nanosheet coated by FAS on the commercial Al foil (c). The images of (a) and (b) indicate good transparency. And the images of (b) and (c) shows the good superhydrophobicity. The easy fabrication of the nanosheet structure on the commercial Al foil by only the hot water treatment is very useful because the nanosheet morphology, which is suitable for superhydrophobic and superhydrophilic property, is easily obtained on not only the flat Al foil but also the Al surface with complicated morphology.
Summary
The perpendicular nanosheet film is easily obtained from the metal aluminum by using hot water treatment. From the spattered Al film on the glass substrate, the high transparent superhydrophilic film is fabricated. After FAS coating, the resultant film shows the high transparent superhydrophobic property. Because these simple processes can be applied to the commercial Al foil, we can easily obtained superhydrophobic film by using the hot water process, which is one of the chemical bath deposition methods. 
